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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a leakage current and also improve 
resistance to fatigue by forming a buffer layer made of a Pb03 layer on the 
upper or lower surface of a capacitor insulation layer made of Pb(Zr, Ti) 03 
layer to which Al is added. 

SOLUTION: An interlayer insulation film 3 made of Si02 and a second 
conductive film 4 made of a Pt film are formed on a silicon substrate 1. 
Further, a capacitor insulation layer 6b made of PbZr0.47Ti0.43AI0.1 and a 
buffer layer 5a made of PbTiAI03, and an upper conductive film 7 made of 




a Pt film are formed in sequence on the second conductive film 4 to form a 



ferroelectric memory. Since a buffer layer having a composition in which Al 
is added to PbTi03, preferably, PTO is formed on an upper or a lower 
capacitor insulation layer made of PZT ferroelectric material having a 
composition including Al, a leakage current can be reduced and resistance 
to fatigue can be improved. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ferroelectric random-access memory characterized by having the capacitor insulating layer which consists of 
Pb(Zr, Ti) 03 layer which added aluminum, and the buffer layer which consists of three layer of PbTiO(s) of this Pb(Zr, 
Ti) 03 layer top face and an inferior surface of tongue by which the laminating was carried out at least on either. 
[Claim 2] Three layer of said PbTiO(s) are the ferroelectric random-access memory according to claim 1 characterized 
by adding aluminum. 

[Claim 3] For the value of 0.3 thru/or 0.7, and z, the value of 0.9 thru/or 1 .2, and y is ferroelectric random-access 
memory according to claim 1 or 2 which said capacitor insulating layer has the presentation of Pbx(Zr(l-y) Tiy) (1-Z) 
A1Z, and is characterized by the values of x being 0.005 thru/or 0.3. 

[Claim 4] The value of 0.8 thru/or 1.2, and beta is ferroelectric random-access memory according to claim 1 or 2 which 
said buffer layer has the presentation of PbalphaTi(l-beta) aluminumbeta03, and is characterized by the value of alpha 
being 0.15 or less. 

[Claim 5] Ferroelectric random-access memory given in any 1 term of 1 thru/or 4 characterized by the thickness of said 
capacitor insulating layer being 50 thru/or 500nm. 

[Claim 6] Ferroelectric random-access memory given in any 1 term of 1 thru/or 5 characterized by the thickness of a 
buffer layer being 0.5 thru/or 30nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ferroelectric random-access memory whose fatigue property 
leakage current is low and improved especially about the suitable ferroelectric memory for a non-volatile semiconductor 
device. 
[0002] 

[Description of the Prior Art] Conventionally, the lead system oxide ferroelectric ingredient and the bismuth layer 
structure ferroelectric ingredient are used into ferroelectric random-access memory (FeRAM (Ferroelectric Random 
Access Memory)) as a ferroelectric ingredient used for the ferroelectric film. As an example of the former lead system 
oxide ferroelectric ingredient, the PZT (Pb(Zr, Ti) 03) system ferroelectric ingredient which has the PEBUROSU kite 
mold crystal structure is mentioned. This PZT system ferroelectric ingredient has the property in which a fatigue 
property is low, although spontaneous polarization is large. Moreover, if cations, such as La, Nb, or Bi, are added into a 
PZT system ferroelectric ingredient, while spontaneous polarization and specific inductive capacity will change, it is 
well-known that the effectiveness that leakage current is reduced is acquired. On the other hand, as an example of the 
latter bismuth layer structure ferroelectric ingredient, SBT (SrBi2Ta 209) is mentioned. SBT has the property in which 
spontaneous polarization is small, although the fatigue property is good. 

[0003] The fatigue property of a ferroelectric ingredient shows degradation of the spontaneous polarization when 
repeating much polarization reversal. 

[0004] The approach of mitigating fatigue by amelioration of the capacitor electrode when using recently the insulator 
layer which consists of a PZT system ferroelectric ingredient as a capacitor insulator layer is examined. Although Pt 
electrode or Ti electrode is generally used for a capacitor electrode, Ru02 electrode and Ir02 electrode attract attention 
in that the fatigue property of the PZT system ferroelectric film is improvable. 

[0005] Moreover, the approach of mitigating fatigue by amelioration of the capacitor insulator layer when using the 
insulator layer which consists of a PZT system ferroelectric ingredient as a capacitor insulator layer is examined. For 
example, what added Li into the PZT system ferroelectric ingredient, and has improved the fatigue property of the PZT 
system ferroelectric film is proposed. 

[0006] Furthermore, when the insulator layer which consists of a PZT system ferroelectric ingredient is used as a 
capacitor insulator layer, while making leakage current small by preparing a buffer layer between a capacitor electrode 
and a capacitor insulator layer, the method of improving a fatigue-proof property is examined. For example, PbTi03 or 
(Ba, Sr) Ti03 grade is used as a buffer layer, and generating of leakage current and a fatigue-proof property are 
improved. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned ferroelectric random-access memory, 
there is a trouble that the leakage current from a grain boundary can be large, and a fatigue property cannot be raised 
remarkably. 

[0008] While this invention is made in view of this trouble and making leakage current low, it aims at offering the 

ferroelectric random-access memory which can raise a fatigue-proof property. 

[0009] 

[Means for Solving the Problem] The ferroelectric random-access memory concerning this invention is characterized by 
having the capacitor insulating layer which consists of Pb(Zr, Ti) 03 layer which added aluminum, and the buffer layer 
which consists of three layer of PbTiO(s) of this Pb(Zr, Ti) 03 layer top face and an inferior surface of tongue by which 
the laminating was carried out at least on either. 
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[0010] In this dielectric memory, three layer of said PbTiO(s) should add aluminum. 

[001 1] Moreover, said capacitor insulating layer has the presentation of Pbx(Zr(l-y) Tiy) (1-Z) A1Z, and, as for the 
value of 0.9 thru/or 1 .2, and y, it is [ the value of x ] desirable that the values of 0.3 thru/or 0.7, and z are 0.005 thru/or 
0.3. In this case, said buffer layer has the presentation of PbalphaTi(l-beta) aluminumbeta03, and, as for the value of 
0.8 thru/or 1 .2, and beta, carrying out to 0.1 5 or less is [ the value of alpha ] desirable. 

[0012] Furthermore, it is desirable that the thickness of that the thickness of said capacitor insulating layer is 50 thru/or 
500nm and said buffer layer is 0.5 thru/or 30nm again. 

[0013] In this invention, since aluminum is included, it becomes small, and leakage current can be made low and, also 

as for a fatigue-proof property, the diameter of crystal grain can raise it. 

[0014] 

[Embodiment of the Invention] The result to which the invention-in-this-application person etc. repeated experiment 
research wholeheartedly that said technical problem should be solved, Pb(Zr, Ti) 03 (it is also hereafter called PZT.) It 
is PbTi03 (it is also hereafter called PTO.) to one of the upper and lower sides of a PZT ferroelectric ingredient which 
has the presentation which reaches and contains aluminum. By preparing preferably the buffer layer which has the 
presentation which added aluminum in PTO, it found out that leakage current could be made low and a fatigue-proof 
property could raise it. 

[0015] Hereafter, the example which materialized this invention with reference to the attached drawing is explained. 
Drawing J. (a) thru/or (d) are the sectional views showing the ferroelectric random-access memory concerning this 
example. 

[0016] In this example shown in drawin g 1 (a), the layer insulation layer 2 which consists of Si02 film is formed on a 
silicon substrate 1, and the 1st electric conduction film 3 which consists of Ti film, and the 2nd electric conduction film 
4 which consists of Pt film are formed on it. Furthermore, sequential formation of the up electric conduction film 7 
which consists of buffer layer 5a and Pt film which consist of capacitor insulating-layer 6b which consist of 
PbZr0.47Ti0.43aluminum0.1 on the 2nd electric conduction film 4, and PbTiA103 is carried out, and ferroelectric 
random-access memory is constituted. 

[001 7] In this example shown in drawin g 1 (b), the layer insulation layer 2 which consists of Si02 film is formed on a 
silicon substrate 1, and the 1st electric conduction film 3 which consists of Ti film, and the 2nd electric conduction film 
4 which consists of Pt film are formed on it. Furthermore, sequential formation of the up electric conduction film 7 
which consists of capacitor insulating-layer 6b and Pt film which consist of buffer layer 5a which consists of PbTiA103 
on the 2nd electric conduction film 4, and PbZr0.47Ti0.43aluminum0.1 is carried out, and ferroelectric random-access 
memory is constituted. 

[001 8] In this example shown in drawin g 1 (c), the layer insulation layer 2 which consists of Si02 film is formed on a 
silicon substrate 1, and the 1st electric conduction film 3 which consists of Ti film, and the 2nd electric conduction film 
4 which consists of Pt film are formed on it. Furthermore, sequential formation of the up electric conduction film 7 
which consists of buffer layer 5a and Pt film which consist of capacitor insulating-layer 6b which consist of buffer layer 
5a which consists of PbTiA103 on the 2nd electric conduction film 4, and PbZr0.47Ti0.43aluminum0.1, and PbTiA103 
is carried out, and ferroelectric random-access memory is constituted. 

[0019] In this example shown in drawing 1 (d), the layer insulation layer 2 which consists of Si02 film is formed on a 
silicon substrate 1, and the 1st electric conduction film 3 which consists of Ti film, and the 2nd electric conduction film 
4 which consists of Pt film are formed on it. Furthermore, buffer layer 5b which consists of PbTi03 is formed on the 
2nd electric conduction film 4, sequential formation of the up electric conduction film 7 which consists of buffer layer 
5b and Pt film which consist of capacitor insulating-layer 6b which consist of PbZr0.47Ti0.43aluminum0.1, and 
PbTi03 is carried out, and ferroelectric random-access memory is constituted. 

[0020] In these examples, since the buffer layer which has PbTi03 (henceforth PTO) and the presentation which added 
aluminum to PTO preferably is prepared in one of the upper and lower sides of the capacitor insulating layer which 
consists of a PZT ferroelectric ingredient which has the presentation which added aluminum, leakage current can be 
made low and a fatigue-proof property can raise it. 

[0021] Next, an approach to manufacture the ferroelectric random-access memory concerning the example of this 
invention equipped with the capacitor insulating layer and buffer layer which have the above presentations is explained. 
Drawing 2 (a) thru/or (d) are the sectional views showing how to manufacture the ferroelectric random-access memory 
concerning the example of this invention, in order of a process. 

[0022] As shown in drawin g 2 (a), Si02 film of 450nm of thickness is formed as an interlayer insulation film 2 on 6 
inches the front face of a silicon substrate 1 or a front face, and Ti film whose thickness is 20nm, and Pt film whose 
thickness is 200nm are further formed as the 2nd electric conduction film 4 as the 1st electric conduction film 3 on the 
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whole surface of an interlayer insulation film 2 by the conventional approach and the same approach. About the 
concrete formation approach of of the capacitor insulating layer 6 and buffer layer 5 which have the above-mentioned 
presentation, it mentions later. 

[0023] In addition, although considered as Pt film whose thickness is 200nm as Ti film whose thickness is 20nm as the 
1 st electric conduction film 3 of the above-mentioned memory, and the 2nd electric conduction film 4, it is not limited 
to this and, as for the thickness of Ti film, it is desirable for the thickness of 5 thru/or 50nm, and Pt film to be 50 thru/or 
500nm. Preferably, the thickness of Ti film is 5 thru/or 20nm, and the thickness of Pt film is 100 thru/or 300nm. 
[0024] Next, the formation approach of the capacitor insulating layer 6 and a buffer layer 5 is explained concretely. 
Although the capacitor insulating layer 6 and a buffer layer 5 can be formed by various approaches, the formation 
approach which uses the sol Ringers injection is shown as the example here. 

[0025] First, the formation approach of the capacitor insulating layer 6 is explained. First, after putting 2 lead acetate 
and 3 hydrate into meta key SHIETA Norian which is a solvent, 2 lead acetate and 3 hydrate is dissolved 30 thru/or by 
carrying out heating stirring for 60 minutes at 80 degrees C. 

[0026] Next, a solution is moved to a reactor and it dehydrates by heating stirring of 12 hours at 124 degrees C. 
[0027] Subsequently, after lowering the temperature of the system of reaction to 60 degrees C, a tetra-isopropoxy 
zirconium, a tetrapod iso proxy tongue, and aluminum EKISAIDO are added to the system of reaction, and heating 
stirring of 6 hours is performed at 124 degrees C. 

[0028] And after stirring termination, a solvent is further added to a solution and the whole quantity is carried out in one 
mol/1. Thereby, the PZT sol Ringer's injection of the capacitor insulating layer 6 containing aluminum is created. The 
above-mentioned sol Ringer's injection is used at the time of coating use, carrying out [ 1. ] it in 0.3 mols /. 
[0029] In addition, all heating stirring is performed under a nitrogen air current. 

[0030] Next, the creation approach of a buffer layer 5 is explained. It only differs from the creation approach of the 
above-mentioned capacitor insulating layer 6 that the matter added to the system of reaction adds a tetrapod iso proxy 
tongue and aluminum EKISAIDO, others are the same as that of the creation approach of the capacitor insulating layer 
6, and the explanation is omitted. 

[003 1] By the creation approach of the above-mentioned buffer layer 5, the PTO sol Ringer's injection of the buffer 
layer 5 containing aluminum is created. At the time of coating use, the above-mentioned PTO sol Ringer's injection is 
used, carrying out [ 1. ] it in 0.01 mols /. 

[0032] Next, it is a room temperature, in addition the methoxy eth&nol of the specified quantity is made into the 
concentration of 0.01 mols/1. at the PTO sol Ringer's injection containing the aluminum created as mentioned above as 
shown in drawing 2 (b), and spin coating is carried out for 30 seconds at the engine speed of 3000rpm on the 2nd 
electric conduction film 4. And it prebakes for 10 minutes at 400 degrees C. Thereby, a buffer layer 5 is formed. 
[0033] Subsequently, it is a room temperature, in addition the methoxy ethanol of the specified quantity is made into the 
concentration of 0.3 mols/1. at the PZT sol Ringer's injection containing the aluminum created as mentioned above as 
shown in drawin g 2 (c), and spin coating is carried out for 30 seconds at the engine speed of 3000rpm on a buffer layer 
5. And it prebakes for 10 minutes at 400 degrees C. Henceforth, spin coating and prebaking are repeated 4 times. 
Thereby, the capacitor insulating layer 6 is formed. 

[0034] Subsequently, annealing of 1 hour is performed in the 700-degree C oven of an oxygen ambient atmosphere. Or 
annealing for 1 minute is performed all over the 700-degree C infrared image furnace (RTA) of an oxygen ambient 
atmosphere. Thereby, the amorphous-like film crystalizes and the capacitor insulating layer 6 and a buffer layer 5 are 
formed, respectively. In addition, as mentioned above, the formation approach of the capacitor insulating layer 6 and a 
buffer layer 5 is not limited to the approach of using the sol Ringer's injection, and can be formed with the sputtering 
method or a CVD method. 

[0035] Furthermore, Pt film is formed 200nm of thickness by sputtering as up electric conduction film 7 on the 
capacitor insulating layer 6 formed as shown in drawing 2 (d). 

[0036] In the above-mentioned formation approach, although 200nm of capacitor insulating layers 6 was formed, as for 
the thickness of the capacitor insulating layer 6, it is desirable that they are not a limiting-to this thing but 50 thru/or 
500nm. Preferably, thickness is 100 thru/or 300nm. 

[0037] It may become difficult to obtain the uniform film as the thickness of the capacitor insulating layer 6 is less than 
50nm, and leakage current may increase. On the other hand, when the thickness of the capacitor insulating layer 6 
exceeds 500nm, an electrical potential difference required for polarization reversal may become high, and driver voltage 
may be insufficient. Therefore, as for the thickness of a capacitor insulator layer, it is desirable that they are 50 thru/or 
500nm. 

[0038] In the above-mentioned formation approach, although the buffer layer 5 was formed in 0.5nm of thickness, as for 
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the thickness of a buffer layer 5, it is desirable that they are not a limiting-to this thing but 0.5 thru/or 30nm. Preferably, 
thickness is 2 thru/or 20nm. 

[0039] Next, other this examples are explained. In other this examples, the example is the same except the 2nd electric 
conduction film 4 formed on Ti film of the 1st electric conduction film 3 and the up current carrying part 7 being Ir02 
and Ir, and the explanation is omitted. 

[0040] In this example, as for the thickness of Ir02, it is desirable that they are 10 thru/or 200nm, and it is desirable that 
they are 20 thru/or lOOnm. Moreover, as for the thickness of Ir, it is desirable that they are 50 thru/or 300nm, and it is 
desirable that they are 100 thru/or 250nm. 

[0041 ] Moreover, as up electric conduction film 7 of this example, Ir and Ir, and the thing in which Ir02 was formed on 
it may be used. 

[0042] Also in which example, although considered as the configuration which forms a buffer layer 5 in the lower part 
of the capacitor insulating layer 6, it is not limited to this, you may make it the configuration which forms a buffer layer 
5 in the upper part of the capacitor insulating layer 6, and it is still better also as a configuration which forms a buffer 
layer 5 in the vertical section of the capacitor insulating layer 5. 
[0043] 

[Example] Hereafter, the ferroelectric of the example of a comparison shown in the ferroelectric of the structure of the 
example shown in drawing 1 (a) thru/or (d) and drawing 3 (a) thru/or (d) is created, both are compared, and the example 
of this invention is explained concretely. 

[0044] Dr awin g 1 (a) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 1 5nm of thickness, 
and the 2nd electric conduction film 4. Capacitor insulating-layer 6a of a presentation of PbZr0.47Ti0.43aluminum0.1 
whose thickness is 200nm was formed on the 2nd electric conduction film 4, on it, as buffer layer 5a, PbTiA103 of 5nm 
of thickness was formed, and Pt film of 200nm of thickness was formed as up electric conduction film 7 on buffer layer 
5a. 

[0045] Drawing 1 (b) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 15nm of thickness, 
and the 2nd electric conduction film 4. On the 2nd electric conduction film 4, as buffer layer 5a, PbTiA103 of 5nm of 
thickness was formed, capacitor insulating-layer 6a of a presentation of PbZr0.47Ti0.43aluminum0.1 of 200nm of 
thickness on buffer layer 5a was formed, and Pt film of 200nm of thickness was formed as up electric conduction film 7 
on capacitor insulating-layer 6a. 

[0046] Drawin g 1 (c) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 15nm of thickness, 
and the 2nd electric conduction film 4. On the 2nd electric conduction film 4, as buffer layer 5a, PbTiA103 of 5nm of 
thickness was formed, capacitor insulating-layer 6a of a presentation of PbZr0.47Ti0.43aluminum0.1 of 200nm of 
thickness on buffer layer 5a was formed, as buffer layer 5a, PbTiA103 of 5nm of thickness was formed, and Pt film of 
200nm of thickness was formed as up electric conduction film 7 on it at the buffer layer 5a top. 
[0047] Drawing 1 (d) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 1 5nm of thickness, 
and the 2nd electric conduction film 4. PbTi03 of 5nm of thickness is formed as buffer layer 5a on the 2nd electric 
conduction film 4. Capacitor insulating-layer 6a of a presentation of PbZr0.47Ti0.43aluminum0.1 of 200nm of 
thickness is formed on buffer layer 5b, and that of 200nm of thickness is formed on a capacitor electrode. On it as buffer 
layer 5a PbTi03 of 5nm of thickness was formed, and Pt film of 200nm of thickness was formed as up electric 
conduction film 7 on buffer layer 5b. 

[0048] Drawing 3 (a) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 15nm of thickness, 
and the 2nd electric conduction film 4. Capacitor insulating-layer 6a of a presentation of PbZr0.47Ti0.43aluminum0.1 
of 200nm of thickness was formed on the 2nd electric conduction film 4, and Pt film of 200nm of thickness was formed 
as up electric conduction film 7 on it. 

[0049] Drawing 3 (b) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 1 5nm of thickness, 
and the 2nd electric conduction film 4. Capacitor insulating-layer 6b of PbZrO.52TiO.48 of 200nm of thickness was 
formed on the 2nd electric conduction film 4, and Pt film of 200nm of thickness was formed as up electric conduction 
film 7 on capacitor insulating-layer 6b. 

[0050] Drawing 3 (c) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
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electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 15nm of thickness, 
and the 2nd electric conduction film 4. On the 2nd electric conduction film 4, as buffer layer 5a, PbTiA103 of 5nm of 
thickness was formed, capacitor insulating-layer 6b of PbZrO.52TiO.48 of 200nm of thickness was formed on buffer 
layer 5a, as buffer layer 5a, PbTiA103 of 5nm of thickness was formed, and Pt film of 200nm of thickness was formed 
as up electric conduction film 7 on it at the buffer layer 5a top. 

[0051] DravvingJ? (d) forms Si02 film of 500nm of thickness, and forms Pt film of 200nm of thickness as the 1st 
electric conduction film 3 on it as an interlayer insulation film 2 on a silicon substrate 1 as Ti film of 15nm of thickness, 
and the 2nd electric conduction film 4. On the 2nd electric conduction film 4, as buffer layer 5b, PbTi03 of 5nm of 
thickness was formed, capacitor insulating-layer 6b of PbZrO.52TiO.48 presentation of 200nm of thickness was formed 
on buffer layer 5b, as buffer layer 5b, PbTi03 of 5nm of thickness was formed, and Pt film of 200nm of thickness was 
formed as up electric conduction film 7 on it at the buffer layer 5b top. 

[0052] The example 1 thru/or example 4 acquired by carrying out annealing treatment of the 1st example above- 
mentioned example (a) thru/or (d) and the example of a comparison (a) thru/or the (d) for 1 minute all over the 700- 
degree C infrared image furnace (RTA) of an oxygen ambient atmosphere, the example 10 of a comparison or the 
remanence value Pr of 1 3, leakage current, and a fatigue-proof property were measured. The electrical potential 
difference of **5V was impressed in measurement of the remanence value Pr. In measurement of leakage current, the 
leakage current when impressing the electrical potential difference of 5 V was measured. In measurement of a fatigue- 
proof property, when the electrical potential difference of **5V was impressed on the frequency of 25kHz, the number 
C of cycles when the remanence value Pr over initial value Pr 0 becomes half [ of initial value Pr 0 ] was measured. The 
result is shown in Table 1 . 
[0053] 
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[0054] Leakage current is high although the example 10 of a comparison using PbZr0.47Ti0.43aluminum0.1 as a 
capacitor insulating layer is good about the remanence value Pr and a fatigue-proof property. It is only an example 1 
thru/or 4 that the result with good remanence value Pr, leakage current, and fatigue-proof property is obtained. 
[0055] 

[Effect of the Invention] As explained in full detail above, according to this invention, by preparing a buffer layer for 
having the presentation which added PbTi03 to one of the upper and lower sides, and added aluminum to PTO at least 
at the capacitor insulating layer which has the presentation of Pbx(Zr(l-y) Tiy) (1-Z) A1Z, leakage current can be made 
low and a fatigue property can also raise it. 
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